Colon cancer is the third most common cause of cancer and is the second leading cause of cancer deaths in the USA. Although inhibition of aldose reductase (AR) is known to prevent human colon cancer cell growth in nude mice xenografts, the role of AR in the regulation of cancer metastasis is not known. We now demonstrate the mechanisms by which AR regulates colon cancer metastasis in vitro and in vivo. Inhibition of AR prevented the epidermal growth factor (EGF) or fibroblast growth factor (FGF)-induced migration and invasion of human colon cancer (HT29; KM20) cells by >70% and also inhibited (>80%) the adhesion of the cancer cells to endothelial cells. Treatment of endothelial cells with AR inhibitors significantly ($85%) downregulated the EGF or FGF-induced expression of Inter-Cellular Adhesion Molecule-1, Vascular cell adhesion molecule-1 and vascular endothelial-cadherin. Furthermore, liver metastasis of green fluorescent protein-labeled KM20 cells injected into the spleen of athymic nude mice was significantly (>65%) prevented by AR inhibitor, fidarestat or ARsiRNA delivered systemically into the mice. Similar results were observed with HT29 cells. AR inhibition or ablation also prevented (70-90%) the increase in the levels of matrix metalloproteinase-2, cyclin D1, CD31, CD34 and the activation of nuclear factor-kappa-binding protein in metastatic liver. Thus, our results indicate that AR regulates cancer cell adhesion, invasion and migration events which initiate metastasis and therefore, AR inhibition could be a novel therapeutic approach for the prevention of colon cancer metastasis.
Introduction
Colon cancer is one of the most common invasive malignancies and is the second leading cause of cancer-related deaths in the USA (1) . Approximately 102 900 new cases of colon cancer and 51 370 colon cancer-related deaths are predicted for the year 2010 alone in the USA (1) . Despite recent advancement in diagnostic, surgical and therapeutic techniques, the survival rate of colon cancer is poor due to recurrence of the disease (2) . The lack of effective therapies for advanced colon cancer is related to poor understanding of the progression of the disease especially toward invasion, migration and metastasis (2) (3) (4) (5) (6) . One of the major problems in the therapy of colon cancer is the prevention of metastasis, which is usually incurable and leads to speedy death of patients (2) (3) (4) (5) (6) . Therefore, it is important to understand the mechanisms that cure/halt metastasis so that it could be prevented or significantly delayed.
The major sequential steps in the pathogenesis of tumor metastasis include: dissociation and intravasation of cells from a primary tumor into the circulation and survival of the cells in circulation, arrest in small vessels in cell-specific distant organs, adhesion to endothelial cells and extravagation into surrounding tissues, proliferation and vascularization of the metastatic tumor (5-7). The progression of metastasis occurs via blood or lymphatic system or by both. Altered expression of proteases, adhesion molecules, growth factors, cytokines, chemokines and angiogenic factors are known to play significant role in the tumor metastasis (7) (8) (9) (10) (11) (12) (13) . In the tumor microenvironment, decreased expression of cell-cell adherent molecules such as E-cadherin, desmoplakin, cytokeratin and increased expression of N-cadherin, vimentin, fibronectin and matrix metalloproteinases (MMPs; family of human zinc-dependent endopeptidases) favors dissociation and motility of the tumor cell from the primary tumor site (7, 12, 13) . Increased expression of MMPs correlates with tumor cell invasion and metastasis (12, 13) . Invasion of dissociated tumor cells occurs by several mechanisms: it may occur through thin-walled venules like lymphatic channels or hematogenous route. In the circulation, detached small tumor cell aggregates cause embolization of blood vessels (5) . Tumor cells subsequently proliferate and extravagate into organ parenchyma by adhering to capillary endothelial cells or by adhering to subendothelial basement membrane by developing vascular network and evading the host immune system (2, 11) . Various factors such as MMPs, adhesion molecules, growth factors, cytokines, chemokines and angiogenic molecules involved in adhesion, invasion, migration and tumor metastasis are regulated by redox-sensitive transcription factor, nuclear factor-kappa-binding protein [NF-jB; (7) (8) (9) (10) (11) (12) (13) (14) ]. Reactive oxygen species (ROS)-mediated activation of NF-jB signaling is a key mechanism in tumorigenesis and mestastasis (14, 15) . Antioxidants such as N-acetyl cysteine, resveratrol, lycopene, green tea and epigallocatechin-3-gallate have been shown to attenuate the invasion and metastasis of various cancers including colon cancer via inhibition of NF-jB activation (16) (17) (18) (19) (20) . Our recent studies with human colon cancer cells suggest that the polyol pathway enzymealdose reductase (AR), a member of aldo-keto reductase superfamily is a regulator of ROS signals induced by growth factors such as basic fibroblast growth factor (FGF) and platelet-derived growth factor and cytokines such as tumor necrosis factor-alpha (21) (22) (23) (24) .
We have recently demonstrated that AR besides reducing aldosugars, efficiently catalyzes the reduction of lipid aldehydes such as 4-hydroxy-trans-2-nonenal (HNE) and their glutathione (GSH) conjugates such as GS-HNE to 1, 4-dihydroxynonene (DHN) and GS-DHN, respectively with low (micromolar) Km compared with glucose with Km in millimolar range (23, 25) . We have shown earlier that inhibition of AR could prevent protein kinase C (PKC), NF-jB and activator protein-1 activation and the increase in cell growth caused by HNE and GS-HNE but not by GS-DHN (21, 22, 25) . These studies suggested that the already reduced form of glutathione lipid aldehyde, GS-DHN is insensitive to AR inhibition and could be the main mediator of oxidative stress-induced NF-jB activation. Furthermore, we have demonstrated that AR inhibition as well as ablation by siRNA could prevent the growth factors such as FGF-and platelet-derived growth factor-induced activation of NF-jB, expression of cyclooxygenase-2 and production of prostaglandin-E2 in colon cancer cells (21, 22) . Most remarkably, in nude mice xenograft model, we have shown that inhibition of AR by ARsiRNA completely prevented growth of human colon adenocarcinoma cells (SW480) implanted subcutaneously (21) . Recently, our results with azoxymethane model in male BALB/c mice showed that inhibition of AR by pharmacological inhibitor of AR as well as AR gene knockout in mice significantly prevented aberrant crypt foci formation and azoxymethane-induced expression of inflammatory markers, inducible nitric oxide synthase and cyclooxygenase-2 and preneoplastic marker proteins, cyclin D1 and beta-catenin and activation of transcription factor, NF-jB in mice colons (26) . However, the involvement of AR in the metastatic progression of human colon cancer is unknown.
In the present study, we have demonstrated the mechanisms by which AR inhibition prevents colon cancer metastasis. Our in vitro results suggest that inhibition of AR could prevent cultured human colon cancer cells, HT29 adhesion, invasion and migration, which are important steps for metastasis initiation. Furthermore, our results show that inhibition of AR could prevent metastatic growth of human colon cancer cells, injected in the spleen of nude mice, in the liver of nude mice. These findings indicate that AR is an excellent novel therapeutic target for the prevention of metastatic spread of colon cancer.
Materials and methods

Materials
McCoy's 5A medium, minimum essential medium, Dulbecco's modified Eagle's medium-F12K, phosphate-buffered saline, penicillin/streptomycin solution, trypsin and fetal bovine serum (FBS) were purchased from Invitrogen (Carlsbad, CA). Antibodies against AR, Cyclin D1, MMP2, CD34, phosphop65 and Glyceraldehyde-3-phosphate dehydrogenase were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). Sorbinil and zopolrestat were gift from Pfizer (New York, NY). Fidarestat was obtained as a gift from Sanwa Kagaku Kenkyusho Co. Ltd (Tokyo, Japan). Cell invasion and migration assay kits were obtained from Chemicon International (Billerica, MA). Epidermal growth factor (EGF), FGF and other reagents used in western blot analysis were obtained from Sigma (St Louis, MO). AR-Sistable small interfering RNA was synthesized by Dharmacon Research (Chicago, IL). All other reagents used were of analytical grade.
Cell culture
Human colon cancer HT29 cells were obtained from American Type Culture Collection (ATCC; Manassas, VA) and grown in McCoy's 5A medium supplemented with 10% FBS and 1% penicillin/streptomycin. KM20 cells were obtained and grown in minimum Eagle medium supplemented with 10% FBS, 1% sodium pyruvate, 1% non-essential amino acids and 2% minimum essential medium essential vitamin as described (3, 4) . Human umbilical vascular endothelial cells (HUVEC) obtained from Cell Application Inc. (San Diego, CA) and grown in Dulbecco's modified Eagle's medium F12K medium containing 10% FBS and cultured at 37°C under an atmosphere containing 5% CO 2 . All the cells were examined for any mycoplasma and endotoxins contamination before the experiments.
Cell invasion assay
Invasive assay was performed using basement membrane extract (BME) as per the manufacturer instructions (Chemicon International). Briefly, 50 ll of basement membrane extract solution was added on top of 8 l polyethylene terephthalate membrane to each well of 96-well plates and incubated at 37°C for 4 h to allow gel formation. Green fluorescent protein (GFP) transfected and untransfected HT29 or KM20 cells at 20 000 cells per well in basal medium with EGF (5 ng/ml) or FGF (10 ng/ml) with or without sorbinil or zopolrestat (20 lM) were plated on Matrigel. Controls cells received vehicle (dimethyl sulfoxide) solution only. After 24 h of incubation, invasion of cells toward bottom side of the well was measured using Calcein AM fluorescent dye at 480/520 nm or photographed invaded cells by fluoresce microscope (Â100).
Cell migration (chemotaxis) assay HT29 and KM20 cells were serum starved in McCoy's medium with or without sorbinil or zopolrestat (20 lM) for 24 h and cell migration assay was performed as per the manufacturer instructions (Chemicon International). Briefly, 2 Â 10 5 HT29 cells were plated per well of 24-well plate culture inserts containing 8.0 lm polycarbonate membrane. Subsequently, cells were treated with EGF (5 ng/ml) or FGF (10 ng/ml) with or without sorbinil or zopolrestat and the plate was transferred to 24-well plate which contained McCoy's medium with growth factor ± sorbinil or zopolrestat and then the cells were incubated at 37°C under a 5% CO 2 atmosphere. After 24 h, migrated cells were stained at bottom of the culture inserts and stain extracted into extraction buffer was measured calorimetrically at 560 nm. Migration of HUVEC in a scratch wound assay model was also performed as described elsewhere (27) .
Cell adhesion assay
Cell adhesion assay was performed as described elsewhere (28) . Briefly, HU-VEC were plated in 96-well plate at 3 Â 10 3 per well. Subconfluent cells were growth arrested in 0.1% FBS with or without AR inhibitor fidarestat (2 lM).
After 24 h, EGF (5 ng/ml) or FGF (10 ng/ml) was added to the medium and the cells were incubated for another 24 h. All the control cells received vehicle solutions only. HT29 cells were harvested in serum-free medium and applied at 2500 cells per well to the HUVEC monolayer in 96-well plate for 6 h. The nonadherent cells were removed by rinsing the wells with serum-free medium, adherent cells were quantified by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. For fluorescent microscopic analysis of cell adhesion, HT29 cells were labeled with PKH67 green fluorescent dye (PHK67 cell linker kit; Sigma Co, St. Louis, MO) following manufacture instructions. Labeled HT29 cells and HT29-GFP cells were added to the growth factortreated HUVEC, grown on chamber slides without and with presence and absence of AR inhibitors as described above and photographed using Nikon fluorescent microscope. The cell surface expression of adhesion molecules was measured by FACS analysis as described by Butts et al. (29) .
In vivo metastasis Four to six weeks-old male nude nu/nu mice were obtained from Harlan (Indianapolis, IN) and experiments were approved by the University of Texas Medical Branch Institutional Animal Care and Use Committee. The mice were fed standard chow (Formula Chow 5008; Purina Mills, St Louis, MO) and tap water ad libitum and allowed to acclimate for 1 week. Metastatic HT29-GFP or KM20-GFP cells were injected intrasplenically as described previously (3, 4) . Briefly, mice were anesthetized using isofluorane, a small left abdominal flank incision was created and the spleen was exteriorized. HT29-GFP or KM20-GFP cells (4 Â 10 6 cells/100 ll) were injected into the spleen with a 27-gage needle. The spleen was returned to the abdomen and the wound was closed in one layer with wound clips. After 24 h, spleen was removed and animals were randomized into metastatic control, scrambled ARSiRNA and AR inhibitor (sorbinil, fidarestat and ARSiRNA) groups. Control group was fed with normal diet and AR inhibitor group fed with sorbinil (40 mg/kg body wt/day) in the diet, whereas fidarestat (50 mg/kg body wt/day) was given in drinking water. In siRNA treatment group, each mouse received (intravenous) Sistable controlSiRNA (AAAATCTCCCTAAAT CATACA) or ARSiRNA (AATCGGTGTCTC-CAACTTCAA; 200 lg/mice) every 10 days for three times. Mice were killed after 35 days and metastasis in the liver was evaluated by using the Illumatool TLS (Lightools Research, Encinitas, CA).
Western blot analysis
To examine the expression of AR, cyclin D1, MMP2, CD34, phospho-p65, total-p65 and Glyceraldehyde-3-phosphate dehydrogenase proteins, western blot analysis was carried out. Equal amounts of protein from liver tissue extracts were subjected to 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis followed by transfer of proteins to nitrocellulose filters and probing with the indicated antibodies. The antigen-antibody complex was detected by enhanced chemiluminescence (Pierce, Piscataway, NJ).
Reverse transcription-polymerase chain reaction analysis Total RNA was isolated from liver samples by using RNeasy mini isolation kit (Qiagen, Valencia, CA). Total RNA (1.5 lg) sample was reverse transcribed with Omniscript and Sensiscript reverse transcriptase one-step reverse transcription-polymerase chain reaction(PCR) system with HotStarTaq DNA polymerase (Qiagen) at 55°C for 30 min followed by PCR amplification. The oligonucleotide primer sequences were as follows: 5#-ACCTGGATG-CCGTCGTGGAC-3# (sense) and 5#-TGTGGCAGCACCAGGGCAGC-3# (antisense) for MMP2, 5#-TGTTTGCAAGCAGGACTTTG-3# (sense) and 5#-ACGTCAGCCTCCACACTCTT-3# (antisense) for cyclin D1, 5#-CCTGG-AAGTCCCCTCCAGGGCAGG-3# and 5#-GGTTGAAGTTGGAGATGCCA-ATAGC-3# for AR and 5#-CGGAGTCAACGGATTTGGTCGTAT-3# (sense) and 5#-AGCCTTCTCCATGGTGGTGAAGAC-3# (antisense) for Glyceraldehyde-3-phosphate dehydrogenase. PCR was carried out in a GeneAmp 2700 thermocycler (Applied Biosystems, Foster City, CA) under the following conditions: initial denaturation at 95°C for 15 min and 35 cycles of 94°C for 30 s, 62°C for 30 s and 72°C for 1 min and then 72°C for 5 min for final extension. PCR products were electrophoresed in 2% Agarose-1Â TAE gels containing 0.5 lg/ml ethidium bromide. Bands were quantified using Kodak Image Station 2000R.
Immunohistochemical analysis KM20-GFP liver metastatic samples were perfusion fixed with 4% paraformaldehyde and stored in 70% ethanol. Paraffin-embedded 5 lm tumor sections were stained with antibodies against AR, cyclin D1, MMP2, CD34, CD31 and phospho-p65 using DakoCytomation LSAB þ System-HRP kit.
Statistical analysis
Data presented as mean ± SD and P values were determined by using an unpaired Student's t-test from Microsoft Office Excel 2007 software. P , 0.01 was considered as statistically significant.
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Results
Inhibition of AR prevents invasion and migration of HT29 cells
To understand the role of AR in the metastasis of colon cancer, we first determined the effect of AR inhibition on cell growth, invasion and migration, which play a pivotal role in the establishment of tumor progression and metastasis of colon cancer cells. Cell growth was performed in regular 96-well plates and invasion assays were performed in chambered invasion kit containing matrigel. Stimulation of HT29 and KM20 cells with EGF or FGF for 16 h caused significant cell growth and inhibition of AR prevented the growth factor-induced cancer cell growth ( Figure 1A) . Similarly incubation of HT29 and KM20 cells with EGF and FGF caused significant invasion of cells through matrigel and inhibition of AR prevented the growth factorinduced invasive potential of metastatic HT29 and KM20 cells by .70% (Figure 1B) . Furthermore, our results with in vitro migration of HT29 cells using transwell chemotaxis migration assay showed HUVEC with AR inhibitor, fidarestat significantly attenuated the adhesion of HT29 cells to growth factors-stimulated HUVEC. These results were further confirmed by microscopic visualization of adhesion of fluorescent-labeled HT29 to HUVEC ( Figure 2B ). We next examined the effect of AR inhibition on adhesion of colon cancer cells stimulated with EGF or FGF followed by incubation with untreated HUVEC. Our results shown in Figure 2C indicate that stimulation of HT29 cells with growth factors caused increase in their adhesion to HUVEC and inhibition of AR prevented it ( Figure 2C) . Interestingly, the colon cancer cells adhesion to endothelial cells is more in the HUVEC cells prestimulated with growth factors as compared with HT29 cells prestimulated with growth factors. In both cases, AR inhibition demonstrates colon cancer cells adhesion to HUVEC.
Inhibition of AR prevents growth factors-induced expression of cell surface adhesion molecules in HUVEC
We next examined the endothelial cell surface expression of adhesion molecules by FACS analysis. As shown in the Figure 3A , stimulation of HUVEC with EGF or FGF for 24 h significantly increased the expression of Vascular cell adhesion molecule, Inter-Cellular Adhesion Molecule-1 and vascular endothelial-cadherin compared with untreated HUVEC. The increased expression of adhesion molecules was significantly attenuated by fidarestat ( Figure 3A and B) . However, AR inhibitor alone did not affect the basal levels of adhesion molecules. Since secretion of growth factors and cytokines by tumor cells is known to cause migration of endothelial cells which cause neovascularization (10), we determined the effect of AR inhibition on growth factors-induced migration of HUVEC. As shown in the Figure  3C treatment of HUVEC with EGF or FGF caused pronounced migration of endothelial cells in wound model assay.
Inhibition of AR prevents metastasis of human colon cancer cells in nude mice liver
Our in vitro studies clearly indicated that inhibition of AR could prevent invasion, migration and adhesion of colon cancer cells (HT29, KM20), which are critical steps that cause metastatic spread of tumor cells. Therefore, inhibition of AR could be useful to prevent metastasis in vivo. We have next determined the effect of AR inhibition on the liver metastasis of colon cancer using athymic nude mice model. In mice fed with control diet, markedly increased metastasis all over the liver was observed, whereas in mice given AR inhibitors or ARSiRNA fluorescence was significantly less (Figures 4A and 5A) indicating prevention of metastasis. The results were further quantified by measurement of fluorescence and values calculated as pixel numbers (Figures 4B and  5B ). Results demonstrate a significant (.65%) decrease in tumor metastasis in the sorbinil and fidarestat fed mice as well as ARSiRNAdelivered systemically into the mice compared with control or ARscrambled SiRNA which correlates with our qualitative assessment. Similarly, AR inhibitor, sorbinil also prevented liver metastasis of intrasplenical injection of GFP-transfected HT29 cells into the athymic mice ( Figure S3 is available at Carcinogenesis Online). Furthermore, reverse transcription-PCR analysis of metastatic liver suggested that ablation of AR by ARSiRNA almost completely (.90%) inhibited the expression of AR ( Figure 5C ). Therefore, inhibition of AR could represent a unique strategy for the suppression of colorectal cancer metastasis.
The extent of tumor metastatic growth and changes in morphological architecture in liver were investigated by studying the histopathology of hematoxylin and eosin stained liver sections. In control metastatic liver, multiple macroscopic foci of KM20-GFP cells were more compared with mice treated with AR inhibitor. Furthermore, the largest dimension of metastasis and the percentage of the metastatic AR in colon cancer metastasis cancer tissue over the total liver parenchyma were significantly decreased in mice treated with AR inhibitor compared with untreated metastatic group ( Figure 4C ). These results suggest that AR inhibition prevented metastatic growth in the liver.
Inhibition of AR prevents the expression of metastatic marker proteins, NF-jB activation and histopathological changes in nude mice liver We next examined the expression of important proteins required for the metastatic growth of colon cancer. Our results showed a significant decrease in AR, MMP2, cyclin D1, CD34 expression and activation of p65 of NF-jB heterodimer in nude mice metastatic liver treated with fidarestat compared with untreated metastatic mice ( Figure 6A ). Similar results were observed when Immunohistochemistry analysis of liver sections was performed with AR, CD34, CD31, MMP2, cyclin D1 and phospho-p65 antibodies ( Figure 6B and C). Consistent with the protein levels, messenger RNA levels of cyclin D1 and MMP2 were significantly increased in metastastic liver, whereas treatment of mice with fidarestat significantly prevented the expression of MMP2 and cyclin D1 ( Figure 6A ).
Discussion
The mechanism of tumor metastasis involves a series of steps including escape of cells from primary tumor into blood or lymphatic system (intravasation), survival in the circulation and arrest in the secondary site (extravasation), vasucularization (angiogenesis) and growth of tumor [metastasis; (2, (5) (6) (7) ]. In this progression of cancer, any of the steps may become therapeutic target because inhibition of any one step would lead to disruption of entire metastatic cascade (2,9). The surgical resection and radiation therapy of primary colonic tumors are successful when tumor is locally confined. However, many of the patients are diagnosed when subclinical or clinical relevant liver metastasis has already occurred (2,9-11). During metastatic progression, dissociated cancer cells interact with various cellular components including blood cells and immune cells such as macrophages, lymphocytes and dendritic cells and induce embolization of blood vessels in the downstream organs (5) (6) (7) (8) (9) (10) (11) . This mechanism is associated with generation of ROS and large quantities of proinflammatory cytokines, chemokines and growth factors (30, 31) . Indeed, involvement of ROS in cancer is well supported by epidemiological studies, which have demonstrated that several forms of cancer progression can be slowed down/prevented by using antioxidants as chemopreventive agents (32, 33) . However, the mechanisms by which ROS regulate cell functions or induce tissue injury remain unclear. Our recent studies demonstrate that AR plays a significant role in mediating ROS-induced inflammatory signals (21, 23, 34) . Furthermore, using colon cancer cellular and animal models, we have shown that AR is an obligatory mediator of oxidative stress/inflammation induced by growth factors, cytokines and carcinogens (21, 22, 26) . In the present report, we have demonstrated the involvement of AR in tumor cell adhesion, invasion, migration and metastasis using in vivo and in vitro models. Tumor cell invasion and migration play a pivotal role in the progression of metastasis of cancer. Numerous studies with experimental metastasis models indicate that one of the most important components in the cell invasion is overexpression of proteases (12, 13) . Among the various proteases, MMPs are of particular importance because they degrade extracellular matrix and allow cells to overcome constrains of cell-cell and cell-matrix interaction. In addition, various reports show that expression of proteases is regulated by redox-sensitive transcription factors such as NF-jB during oxidative stress-or inflammation-induced pathogenesis (14, 35, 36) . This is further supported by various studies, which have shown that antioxidants such as quercetin, resveratrol and lycopene prevent the invasion/migration of tumor cells via inhibiting expression of MMPs and activation of PKC/AKT/PI3K/NF-jB (13, (16) (17) (18) (19) (20) . Our results demonstrate that inhibition of AR significantly (70%) inhibits growth factor-induced invasion and migration of HT29 cells and increase in the expression of MMP2 in liver metastasis. The successful progression of metastasis depends on the interaction of tumor cell with endothelial cell for the nutrients and oxygen and migration to other organs. Our in vitro results (Figures 1-3 ) demonstrate that inhibition of AR prevents the growth factors such as EGF-and FGFinduced migration of human colon cancer HT29 cells and adhesion of human colon cancer HT29 cells to endothelial cells by inhibiting the expression of adhesion molecules such as Inter-Cellular Adhesion Molecule, Vascular cell adhesion molecule and vascular endothelialcadherin. Prevention of liver metastasis in nude mice by inhibition or ablation of AR which prevents the expression of the adhesion molecules suggest that AR is involved in adhesion of colon cancer cells to endothelial cells which would promote metastasis. Normally, human liver has extremely low levels of AR. However, AR is overexpressed in the liver under several oxidative stress and inflammation-related pathological conditions such as alcoholic liver cirrhosis, heart failure, myocardial ischemia, vascular inflammation, restenosis and cancer (23, 37) . Recently, Saraswat et al. (38) demonstrated increased expression of AR in various cancerous tissues such as lung, breast, prostate, cervix, ovarian, colon, etc. Furthermore, they showed that the specific activity of AR was higher in tumor areas than non-tumor regions of tissues. These results as well as our earlier studies demonstrating the prevention of tumor growth in nude mice by AR inhibition suggest that AR inhibitors Fig. 6 . Inhibition of AR prevents expression of metastatic markers during colon cancer metastatic growth in nude mice liver. (A) Equal amounts of liver homogenates were subjected to western blot analysis using antibodies against AR, CD34, MMP2, cyclin D1, phospho-p65, total-p65 and Glyceraldehyde-3-phosphate dehydrogenase. Equal amounts of total RNA from liver were analyzed by reverse transcription-PCR for measuring messenger RNA levels of MMP2, cyclin D1 and Glyceraldehyde-3-phosphate dehydrogenase. (B) Cross sections of metastatic tumors were stained with anti-AR, anti-CD34, anti-CD31, anti-MMP2, anti-cyclin D1 and anti-phospho-p65. Immunoreactivity is evident as a dark brown stain, whereas non-reactive areas display only the background color. Original magnification: Â400. AR in colon cancer metastasis could be excellent antitumor agents by preventing the processes required for metastasis ( Figure 6D ).
In the current study, we have shown that inhibition of metastasis by AR inhibitors was due to the prevention of cancer cell invasion, migration, adhesion and angiogenesis. Although in this study, we have shown that AR inhibition prevents invasion and adhesion in vitro, we have not clearly demonstrated the specific role of AR within the tumor-host cellular components because of the aggressiveness of the liver metastasis. Furthermore, the progression of metastatic cancer depends upon the establishment of an adequate blood supply to the tumor cells (39) . Although we have demonstrated that AR inhibition prevents the expression of CD31 and CD34 potential markers for neovascularization in metastatic livers, the exact mechanism by which AR inhibition prevents angiogenesis in metastatic livers remains to be elucidated. However, in a separate study (40) , we have recently shown that AR inhibition prevents Vascular endothelial growth factor-and FGF-induced capillarylike tube structure formation of HUVEC in vitro. Furthermore, AR inhibition also prevented the in vivo neovascularization in a matrigel plug model in rats. Our studies also indicate that AR inhibition prevents Vascular endothelial growth factor-induced increase of capillary-like structures formation, infiltration of endothelial cells and red blood cells in vivo. Thus, these studies indicate that AR inhibition also prevents angiogenesis, an important event in cancer metastasis.
Among the various experimental metastasis models, intrasplenic injection of colon cancer cells produces reproducible, rapid and efficient liver metastasis (39, 41) . Giavazzi et al. (42) demonstrated that metastatic potential of freshly isolated colon cancer cells is achieved after instrasplenic injection and not after intravenous, subcutaneous or intramuscular routes. Therefore, in present study, we injected the green fluorescent-labeled human colon cancer cells intraspleenically to athymic nude mice and followed the metastasis in the liver after spleenectomy (39, 41) . Our studies clearly demonstrate that inhibition of AR by two structurally different pharmacological inhibitors, sorbnil and fidarestat or by ablation of AR by SiRNA prevented the human colon cancer cells-induced metastatic growth in liver of nude mice (Figures 4 and 5) . Thus, these results suggest that AR plays a pivotal role in the liver metastasis of the colon cancer. In the present study, we have though used two metastatic colon cancer cells HT29 and KM20 to examine the efficacy of AR inhibitors in prevention metastasis. However, given the heterogeneity of genetic and molecular alterations in colon cancer, and how they influence therapeutic responses, this study could be strengthened by using AR inhibitors to prevent cancer metastasis by using other human metastatic cancer cell lines. Furthermore, in this study, we have used AR inhibitors mainly used sorbinil and fidarestat which belong to the same class inhibitors and found that both the inhibitors are effective in preventing metastasis. As compared with sorbinil, fidarestat is a more potent and water soluble inhibitor and found to be safe for human use in phase-iii clinical studies for diabetic neuropathy. AR inhibitors have been shown to prevent NF-jB-dependent inflammatory and oxidative stress signals initiated by cytokines and growth factors (23).
In conclusion, our studies have demonstrated that AR plays a critical role of AR in colon cancer cells migration, invasion, adhesion, angiogenesis and the metastatic growth in liver. Since AR inhibitors such as fidarestat have already undergone phase-III clinical trials for the treatment of diabetic neuropathy and found to be safe without any major toxicity, our results provide basis for the emerging preclinical and clinical investigations of AR inhibitors for the chemotherapeutic interventions of colon cancer progression and metastasis.
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